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An Opportunistic-Bit Scheme with IP Styled
Communication
Bingli Jiao
Abstract—This work is motivated by the need for the fun-
damental increase of spectral efficiency with the transmissions
on the Transmission Control Protocol and the Internet Protocol
(TCP/IP). To emphasize the work in physical layer, we define a
bit-unit (BU) that is conceptually similar to an IP packet that
contains sufficient information for its destination node to identify
the address and interpret the contents in performing the message
communication. Armed with these functions, we divide one BU
into two parts, which are defined as opportunistic bit (OB) and
conventional bit (CB), respectively. In addition, we design the
sequential time-slots (TSs) in such a way that the OB can be
mapped to the index of a TS, and the CB can be carried by the
corresponding TS. To enable the communication, we pre-store
a bit-to-TS mapping table at both of the transmitter and the
receiver. As result, we can save time resource and gain spectral
efficiency as shown in the theoretical analysis confirmed by the
simulations.
Index Terms—Communication, spectral efficiency, opportunis-
tic bit
I. INTRODUCTION
This paper reports a new theoretical method suitable to,
but not limited in, the Transmission Control Protocol and the
Internet Protocol (TCP/IP) packet transmission for increasing
spectral efficiency. In a view point of network, the bottleneck
of the traffic is, often, found at the channel which is actually
shared by a large number of signal resources and receptions
in the message communications at the input and output,
respectively, e.g., one channel linking two routers is the case.
The congestion occurs whenever the amount of traffic injected
into the channel exceeds its capacity.
In IP transmission, we can find that each packet can be
correctly received once it departures from the transmitter
since the packet contains sufficient information that allows its
destination node to identify the addresses and interpret the
contents as well. In addition, the arrivals of those packets
do not necessarily be in a time-sequential manner. Inspired
by these, we propose a bit-mapping method that does not
necessarily follow the principle of first input and first output
in terms of packets at the transmitter. In fact, the order of
the transmitted packets is randomized depending on their bit-
values. Moreover, unlike the spatial modulation [1]–[4] and
OFDM index modulation [5]–[9], we do not work neither in
the space- nor in subcarrier-index domain, but map some bits
in the sequential time-slots (TSs), where the TSs’ sequence
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is fixed while the allocation of the bits is schemed accord-
ing to the proposed manner. This yields the concept of the
opportunistic bits (OBs) in the communication.
To be broader in sense of the signal methodology, we
use the item of “bit-unit” (termed BU) to replace that of IP
“packet” and build up the model by taking the two advantages:
(1) the BU contains sufficient information for its destination
to identify and (2) the individual delays do not affect the
accomplishments of the message communications. We do not
be involved in MAC layer protocols that apply to multi-
hop transmission [10]. In the proposed scheme, every BU
is divided into two parts: one is defined as the OB and the
other the conventional bit (CB). The former will be mapped
to the index of a TS, while the latter is carried by the
corresponding TS to each channel realization. Actually, the
successful communication of a BU will attribute to that of
each OB and CB as a bit-pair transmitted from the transmitter
to the receiver.
The proposed scheme requires the transmitter to accumulate
a large number of BUs before triggering its signal transmis-
sion. Thus, the traffic is not considered to be interactive or real
time. Meanwhile, this work is restricted in the study on the
theoretical limit and, thus, not involved much in the discussions
over hardware complexity and costs. Finally, we work in the
physical layer over additive Gaussian noise (AWGN) channel
for showing a fundamental performance of this approach.
II. SYSTEM MODEL AND ANALYSIS
Figure 1 shows the proposed system having the transmitter,
the receiver and the channel that is assumed as AWGN
channel. The scenario is, often, found in TCP/IP transmission
for the congestion problem prompting the study of end-to-end
control algorithms [11]. However, we work mostly in physical
layer, where communication performance is characterized by
spectral efficiency and bit error ratio (BER) performance.
In contrast to the conventional transmitter, as illustrated
in Fig. 1, we have three new components which are respec-
tively termed the segmentator, the TS-selector and the storage.
Specifically, these components correspondingly fulfill dividing
every BU into two parts, performing TS indices mapping,
and facilitating the sequential TSs’ injection into the channel
encoder.
In the system operation, we assume that the number of the
BUs is infinitive large and the BUs are independent of each
other. Like IP packet transmission, we assume that each BU
contains sufficient information for the receiver to identify the
address and interpret the messages. Thus, the sequence of the
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Fig. 1. The system diagram
BUs places no role in sense of message communications. In
addition, we assume that one channel code can be used to a
single BU or shared by a number of BUs jointly.
A. Bit-representation
Assume, temporarily, that all BUs are binary bits of equal
length as the inputs of the transmitter. We write a BU in a
vector form as
g(m) =
{
g
(m)
1 , g
(m)
2 , · · · , g
(m)
K
, g
(m)
K+1, · · · , g
(m)
N
}
for m = 1, 2, · · · , M, M + 1, · · · ,
(1)
where m denotes the sequential index of the BUs, N is the
total bit number of one BU, and g
(m)
i
indicates the i-th entry
of g(m), being with two possible values, 0 or 1, of equal
probability, K is the factor that labels the point, by which
g(m) is divided into two parts, which are defined as the OB
and the CB as expressed by the sub-vectors
g
(m)
OB
=
{
g
(m)
1 , g
(m)
2 , · · · , g
(m)
K
}
(2a)
and
g
(m)
CB
=
{
g
(m)
K+1, · · · , g
(m)
N
}
, (2b)
respectively, where the OB contains K bits and the CB
(N −K) bits. It is noted that OB and CB jointly hold all
information bits of one BU, e.g., g
(m)
OB
and g
(m)
CB
jointly hold
the bits of g(m).
For creating the bit-representation of the OB, we prepare the
bit-mapping pool by constructing a complete bit-set V with
v(i) =
{
v
(i)
1 , v
(i)
2 , · · · , v
(i)
K
}
for i = 1, 2, · · · ,Φ , (3)
where v(i) is the i-th base-vector of V and Φ is the total
number of the base-vectors, satisfying Φ = 2K , and v
(i)
k
is the
k-th entry of v(i), with the bit-value being either 0 or 1. It is
found that g
(m)
OB
∈ V holds.
We make a mapping table (see Table I) that uniquely
connects each base-vector in V to the time sequential index.
For a given g
(m)
OB
, we can find its identical base-vector and,
then, use Table I to recode the corresponding TS’s index. As
a result, we can map each g
(m)
OB
to the recoded TS’ index.
To complete the representation of one BU, we load g
(m)
CB
to
the corresponding TS, whose index has been determined by
the OB, i.e., g
(m)
OB
mentioned above. Finally, we can find that
the index of the TS and the contents inside the TS contain all
the information bits of the BU.
Moreover, we pre-store Table I in both the transmitter and
the receiver so that the communication can effectively work
as explained next.
TABLE I
A MAPPING TABLE OF THE COMPLETE BIT-SETV
Base-Vector TS Sequential Index
v
(1) 1
v
(2) 2
. .
. .
v
(Φ)
Φ
B. Communication Scheme
As shown in Fig. 1, when one BU is taken to the transmitter
as the input, the segmentator divides it into the OB and the
CB, e.g., g(m) is divided into g
(m)
OB
and g
(m)
CB
, having K
bits and N − K bits, respectively. The TS-selector takes the
OB, i.e., g
(m)
OB
, to compare with all base-vectors in V and
find the identical base-vector. By utilizing Table I to find the
index of a TS, we load the bit-value of CB, i.e., g
(m)
CB
, to the
corresponding TS.
We create a falling model to work with the OB, the CB
and the sequential TSs as shown in Fig. 2, which contains Φ
columns, whose indices are the same as that of the TSs in
Table I. We mark TSs as TS1,TS2, · · · ,TSΦ at the bottom
of the storage and find each column contains the layered TS
entities, which are used to load CBs. The rows of the storage
are used to distinguish the layered TSs in the same column.
In the initial state, all TSs have been pre-stored by zero bits.
For a given BU, once the sequential index of a TS has been
selected according to g
(m)
OB
by the TS-selector, g
(m)
CB
will be
dropped to the corresponding column from the above to the
bottom of the storage, being loaded to the corresponding TS.
More specifically, loading the bits of the CB is actually to
replace all zero bit-values which are pre-stored in the TSs.
The storage will be loaded by CB one another. Whenever more
than one CB has been dropped in the same column, they will
be layered from bottom to above. While, when anyone of the
TSs was unloaded by CB, it has been pre-stored by all zero
bits whose number is same as that of a CB.
We take the contents in Fig. 2 as an example to explain
the above procedure. As can be found, when starting with
g(1), the TS-selector maps g
(1)
OB
to a certain TS index, for
example to TS3. Hence the g
(1)
CB
will be dropped to the third
column. When continuing with g(2), g
(2)
CB
could be dropped to
a different column if g
(2)
OB
6= g
(1)
OB
, but g
(2)
CB
can be dropped
to the same column if g
(2)
OB
= g
(1)
OB
. In the latter case, g
(1)
CB
and g
(2)
CB
will be in the layered shape. We draw the case for
g
(2)
OB
6= g
(1)
OB
in Fig. 2. Actually, different OBs will distribute
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Fig. 2. The diagram of the falling model
the CBs in different columns, while the same OBs will restrict
their CBs in the same column.
The communication begins when the storage has accumu-
lated M CBs inside. The first-round injection takes place at
the bottom, where Φ TSs will be injected into the channel
encoder in a sequential manner of TS1,TS2, · · · ,TSΦ. During
the injection, whenever one TS has been injected to the channel
encoder, the above TSs in the same column will immediately
fall one row down to guarantee the availability of the second-
round injection. Meanwhile, one BU should be processed to
have its CB fallen down to the storage so that the storage
always contains M CBs inside. After completing the first-
round injection, the second-round injection will start from
the first column till the last column. Such injections will be
performed repeatedly one round another.
At the receiver, after the demodulation and decoding, the
BU can be recovered by the following process. Knowing the
length of one BU and the division manner of OB and CB,
the receiver can find the indices of the TSs by accounting the
received sequential index Ψ. In specific, we can find the index
of a TS in the formula as
i = Ψ− nΦ for Ψ = 1, 2, 3, · · · , (4)
where Ψ is the received sequential index, n = ⌊Ψ−1⌋Φ indicates
the round number, and i is the index of the TS. By using Table
I and reading the content of each TS, every BU can be fully
recovered. In the practical considerations, we note that the
proposed scheme hold when OB is segmented from any part
of the BU. Though we design the OB in front of CB in this
paper.
C. Analysis
In the above design of the signal transmission, we can note
that the BUs are loaded to TSs in a manner of random-falling.
Consequently, for loading M BUs, there is a probability that
one TS is not loaded by CB, but pre-stored by the zero-bits.
We define such an unloaded TS as a TS error at the transmitter.
Nevertheless, the error probability can become infinitive small
when we increase the number of the loaded BUs, i.e, M .
Working on a snapshot of Fig. 2, the probability of a CB falling
outside of a certain column in the falling model is Φ−1Φ . Thus,
for loading M CBs, the probability of a certain column in the
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Fig. 3. The probability versus M for Φ = 8, Φ = 16, and Φ = 32.
falling model being unloaded can be estimated by
ρ =
(
Φ−1
Φ
)M
. (5)
We show the numerical results of (5) in Fig. 3 for Φ = 8,
Φ = 16, and Φ = 32 corresponding to 3 bits, 4 bits, and 5
bits designed in the OB, respectively. It is found that larger
Φ requires more BUs in the accumulation, i.e., larger M , for
keeping the same level of the transmission error. However, we
work with an assumption of infinitive small probability of the
unloading TS by ρ ≈ 0 in the following discussions since we
are interested in the theoretical limit.
With the help of OB, we can find that the spectral efficiency
has been increased by
η = N
N−K , (6)
where η is the gain factor of the spectral efficiency. One can
find that the conclusion of the spectral efficiency gain is true
when considering the fact that the use of the channel coding
is independent of the proposed scheme. In other words, the bit
error performance owing to channel coding does not give any
negative impacts to (6). Actually, the BER performance can
be benefited separately as explained in the next section.
We have to mention a shortcoming of this scheme: in order
to achieve high spectral efficiency gain as described in (6), we
require a large number of TSs since Φ = 2K . Consequently,
the delay will be increased because the storage has to hold
a vast number of BUs, i.e, M as found in Fig. 3, before
triggering the transmission. In addition, the storage size can
also be drastically increased for holding all CBs.
Finally, the above method can be extended to a case where
various BUs are with different lengths. In that case, we can
categorize the BUs according to their lengths into groups, in
each of which the BUs are of same length in number of bits.
Then, we can employ a multi-carry system, in which one carry
is used to deal with one kind of length and perform similar
operations as described above.
III. SIMULATION
In this section, we will perform two simulations to show
the advantages of this approach in terms of the signal-to-noise
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Fig. 4. The BER comparison between the proposed scheme and the convention
method with the code rate of R = 1.
ratio (SNR) gain. The BUs of 36 bits in the length are taken
to the simulations by designing 4 OBs and 32 CBs, and BPSK
in signal modulation.
The BUs are generated using PC computer with MATLAB
functions and, then, taken to the processing as shown in Fig.
1. By setting M = 256 to the storage, we do the simulations
for the code rate of R = 1 and R = 12 , respectively. The
former is equivalent to the case of non-channel coding, whereat
we use a hard-decision method to the signal detection. For
the latter, we use LDPC code of 1152 bits (with 802.11
standard) in the length with the sum-product algorithm for
decoding. Actually, for each channel code, we have transmitted
32 BUs with 32 × 4 = 128 bits of the OBs by using the
TSs’ indices and 32 × 32 = 1024 bits of the CBs taken into
the channel encoder to the channel realizations. However, in
the conventional scheme, all bits are transmitted by channel
realizations in the simulations.
In comparison between the two schemes, we have found
the following two merits of the proposed scheme. The first
one is the higher data rate because that the saving of OB
in channel realizations leads to the spectral efficiency gain
indicated in (6). For each BU, the proposed scheme transmits
32 bits instead of 36 bits with the conventional scheme, since
we have saved a time resource of 4 bits owing to the OB. The
second is on the power gain because that OBs do not use any
power in the transmission. They save 4 bits’ energy from 36
bits. This allows a SNR gain of 36/(36-4).
The simulation results are compared in Fig. 4 and Fig. 5
for the two schemes, i.e., without channel coding and encoded
modulation, respectively. In Fig. 4, one can find that the SNR
gain exceeds 2 dB in the BER performance in comparison with
that of the conventional scheme. In Fig. 5, the SNR gain is
higher than 0.96 dB. The phenomenon can be explained by
the reason of the SNR gain mentioned above.
IV. CONCLUSION
We have proposed a new scheme by creating the OB, at the
transmitter, that allows the BU to be shorten in time domain
with the channel realizations. To explain the mechanism of
the signal transmission, we have proposed a falling model and
worked out a theoretical spectral efficiency gain owing to the
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Fig. 5. The BER comparison between the proposed scheme and the convention
method with the code rate of R = 1/2.
use of OB for saving the time resource. In addition, we have
found the SNR gain in aspect of saving power by the OB. The
application of this approach can be incentive due to the two
gains. However, the problems of the delay and the storage size
should be considered in the future work.
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